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EXECUTIVE SUMMARY
The primary objective of the West Valley Demonstration Project (WVDP) is the solidification in a glass form of the liquid high-level wastes presently stored in two underground steel tanks at the West Valley site.
In order to accomplish this primary objective, the supernatant layer of the high-level wastes presently stored in one of the underground tanks is being processed and decontaminated to lowlevel radioactive Class C wastes through the lnt~grated Radwaste Treatment System (IRTS).
The IRTS is composed of four (4) subsystems.
1) Supernatant Treatment System (STS)
2) Liquid Waste Treatment System (LWTS)
3) Cement Solidification System (CSS)
4) Drum Cell (DC)
These subsystems combine to produce cement solidified low-level Class C wastes which are encapsulated in 0.27m 3 (71 gallon) square drums.
A discussion of the design, construction, and operation of the Drum Cell (DC) at the WVDP site is the objective of this report. The DC is a specially designed facility which provides for the remote handling and placement of the IRTS resultant product.
The DC began radioactive operations on June 1, 1988. As of December 1989, fourteen placement campaigns have been completed. These campaigns resulted in 6,788 dn.J~s in storage, approximately 38% of the facility capacity. canisters. This waste will ultimately be shipped to a federal HLW repository for permanent disposal.
INTRODUCTION
In support of this work, the IRTS first processes the liquid HLW. The IRTS consists of the Supernatant Treatment System (STS), the Liquid Waste Treatment System (LWTS), the Cement Solidification System (CSS), and the Drum Cell (DC). The end product of the IRTS process is Class C low-level cemented waste that is contained in 0.27m 3 (71 gallon) square drums. These low-level waste drums are transported approximately 800 m (2624 ft) from the CSS to the DC, where they are stored. These drums may be disposed on site.
Selection of the final disposal alternative will be decided as part of an EIS for total site closure activities.
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SYSTEM DESCRIPTION
The DC storage area is 1 05.2·m x 14.9m (345 ft x 49ft). The TWS surrounding the storage area is114.3m x 18.3m (3,75 ft X 60ft). The TWS was builtto protect waste and DC equipment from the elements anq to provide a means to prevent unautho~ized entry to the areas adjacent to the shield enclosure ( Figure 1 ). "
Drum Cell Equipment
The DC equip~ent (Figure 2 ) consists of a bridge, crane, and. trolley. The bridge is approximately'17 meters in length (55ft), and moves east and yvest inside of the DC. The trolley travels north and south_.
along the bridge. A 1818 kg (4000 lb) capacity crane is attached to the hoist and trolley. A 909 kg (2000 lb) grabber, a crane ~ttachment and a power rotating lifting device, is used to pick up and hold the drums along their axis. angle, as it moves the drums parallel to the drum stack. Drums are then placed attheir respective coordinates in the drum stack.
Control Room
The equipment for the DC is operated from control panels located in the Control Room. Operatio'ns are initiated from-the control room. All waste handling is done remotely so that personnel exposure leyels to radiation are ALARA and within federal and WVNS guidelines. The control room (Figure 3 ), adjac~nt to the east side of the DC, is the control center for the crane and conveyors. This panel consists of bridge, trolley, and hoist controls, a computer screen (which displays operational instructions), and a printer. Once a drum is placed in the cell and data has been stored on a hard disk, a print-out of the drum ID number, bridge, trolley, and hoist coordinates, along with the time and date of placement is produced.
Remote CCTV Panel
This panel consists of four CCTV monitors connected to two cameras on the crane trolley (one on the north side and one on the south), the remaining two monitors are connected to four cameras mounted on the shield walls. Viewing from any camera throughout the cell can be accomplished by pushing the button dedicated to the desired monitor.
Crane Maintenance Area
The crane maintenance area is located between the storage area shield wall and the operator control room ( Figure 4 ) . This area will be used for crane and bridge maintenance needed during DC operation. The maintenance area is separated from the DC storage area by a 508 mm (20 inch) thick concrete shield wall.
Waste Unloading Area
The waste unloading area ( Figure 5 ) is a shielded area at the north side of the DC. The remote unloading of drums by conveyors from the transporter takes place in this area. There are 3 sets of conveyors:
The first set is the truck unloading conveyor.
The second set consists of 2 staging conveyors, a shuttle table, and an upender.
The third set consists of a transfer conveyor and a tilting unit. The tilting unit places the drum into a diamond pattern position (See Figures 6 and 11 ).
Shield Walls
The concrete shield walls were designed with the ALARA concept in mind to provide perimeter shielding of the DC storage area. These shield walls are 508 mm (20 inches) thick, sufficiently thick to ensure that radiation levels will be less than 2.5 mR/hr in potentially accessible areas. The shield walls protect workers from drums having a contact dose rate of 700 mR/hr (these radiation levels were based on original design criteria). As of December 1989, no drums > 100 mR/hr have been produced.
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Storage Area
The DC will store a maximum of 8,084 (plus a 100% overload capacity) 0.27m 3 square drums ( Figure 6 ).
The steel drums are 23 in. x 23 in. (584.2 mm x 584.2 x 882.7) and are high integrity containers. The drums are stacked horizontally in a diamond pattern to maximize storage volume. There are 127 storage rows that will have a maximum of 16 containers per row with each row stacked to a maximum height of nine layers of drums. Certified, stabilized cement, in the form of cement-filled drums will be placed on the top (ninth layer) of the waste mass to provide additional shielding.
Basepad
The basepad consists of compacted crushed stone (gravel) overlaying compacted clay providing a level surface upon which the DC foundation is placed. It also contains a system of instrumentation for monitoring ground water.
Transporter Description
The transporter is an exclusive-use truck with a shielded, enclosed unit used to transport radioactive cemented containers between the CSS and the DC. The transporter must travel 800 meters (2625 ft) on the road connecting the CSS and DC at a maximum speed of 24 km/hour (15 mph). The transporter is a 1987 GMC medium-duty truck with a gross vehicle weight of approximately 2270 kg (50,000 lb). It is equipped with a tailgate containing live roller conveyors which transport containers into and out of the shielded enclosure. The function of the tailgate is to interface with the conveyors at CSS and DC and the conveyor in the shielded enclosed unit.
The tailgate is a system operated by a hydraulic cylinder. The conveyor rollers are motor driven. All power and control cables terminate at a terminal block and junction box located on the transporter. A high (480 V) and low (120 V) voltage electrical power cable connects the control receptacle to the motor starters. All controls on the transporter are operated from the CSS and DC control rooms through a conveyor control panel.
The containers are restrained in the shielded enclosure and positioned on self-locking conveyors. The walls of the shielded enclosure and internal guides restrain the movement of the drums during transport.
The interior clearance between the containers and shield walls is 76.2 mm (3 inch) around the entire periphery. The clearance between the containers and central guide rail is 44.5 mm (1 . 75 inch). There is a 127 mm (5 inch) clearance from the top of the drum container to the roof of the transporter. These clearances are required for ease of loading and unloading drums.
When the shielded enclosure is loaded with eight containers filled in the CSS, the tailgate is raised to an upright position. When the tailgate is in this position, the containers are shielded on all sides. The shielded enclosure is composed of 102 mm (4 inch) thick steel on the front, 51 mm (2 inch) thick steel on the bottom, sides, and tailgate, and 6.35 mm (0.25 inch) thick steel on top. Shielding thicknesses were selected on the basis of radiation exposure to the driver and external surroundings.
Radiation field data for the calculated dose rate inside the cab of the drum transporter assumed the truck to be loaded with eight 0.27m 3 (71 gal) square drums, each containing 1 Ci of Cs-137. This activity level was derived from the assumption that the drums were filled to 90 percent capacity and was based on average projected Cs-137 concentrations in the decontaminated supernatant and in the final cement form.
The dose rate at the point of highest exposure (center of back of cab) was calculated to be 0.90 mRem/hr while the dose rate on the driver and passenger sides of the cab was calculated to be 0.83 mRem/hr. The time spent by the driver inside the loaded truck was estimated to be approximately 15 min/trip. An additional minute was added to allow for engine warm-up. At four trips per day for 260 days per year, the maximum annual dose to the driver while inside the cab was estimated to be 220 mR/yr. The maximum driver dose rate actually received for a year was < 1.0 mR. This is based on ten minutes per trip and three trips per day for a 167-day operating year. The actual dose rates at the point of highest exposure (center back of cab) are an average of < 0.01 mR/hr.
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CONSTRUCTION
The construction of the DC began October 1, 1986, and was completed December 23, 1987. The DC was built approximately 800 meters (2624 ft) to the southeast of the former nuclear fuel reprocessing plant. The DC for Class C waste is located in an area of the WVDP site removed from erosional areas (Figure 7 ).
The DC basepad has a depth of 914.4 mm to 1828.8 mm (3 ft to 6ft) and is constructed of a native impermeable clay called silty till. This clay was placed in the basepad excavation and compacted. Instrumentation (i.e., piezometers, tensiometers, and settlement guages) was then set at various levels within the clay to measure any moisture content and settlement. A double layer geotextile mat was installed to prevent the stones from migrating into the clay. The basepad was completed with the backfilling and compaction of number 1 crushed stone, on top of the geotextile mat, raised slightly above grade. Concrete curbs, which provide the support for the stacking of the drums, were placed on top of the basepad. The shield walls composed of 508 mm (20 in) thick concrete are cast-in-place construction (ACI318, Building Code Requirements for Reinforced Concrete) surrounding the basepad storage area.
An existing road approximately 800 meters (2624 ft) from the CSS was improved during construction of the IRTS DC to provide a safe route of transport for the cement-filled drums.
Design Requirements
The design life of the DC will be ten years, minimum. The physical arrangement will be such that radiation exposure to operating and maintenance personnel and the general public will be ALARA.
Structural Requirements
The DC was designed to accommodate meteorological design loads of snow at 195.3 kg/m 2 (40 lb/ft 2 ), peak wind gust of 140 km/h (87 mph) and 100 year wind of 123.9 km.h (77 mph).
Provisions were made for mounting cranes, conveyors, and other equipment for remote handling and moving of drums. This also includes vehicular access to the DC.
Supports and anchors for the equipment were designed in accordance with the requirements for each component/structure safety class.
Radiation and Safety Requirements
The shielding design of the DC was based on a source strength of 1 curie/drum of Cs-137; a density of 1. 75 kg/liter (14.6 lb/gal) for the waste/cement mixture; and a drum capacity of 8084, 0.27m3 (71 gallon) square drums in the DC plus a 100% overload capacity.
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1.3 Dose to Personnel
Equipment within the controlled area of the DC was designed so that routine maintenance would result in a collective annual dose less than 1.0 person rem. In the operating areas, such as the control room, the maximum radiation dose rate for a full time occupancy area, one in which an individual may be expected to spend all or most his/her workday, was designed to be no more than 0.1 rnA/hour. The actual radiation levels in the control room are approximately 60 microR/hour. (See Table 3 .1).
In full time access areas, such as the crane maintenance area or the loadout area, the maximum radiation dose rate was designed to be 1.0/t rnA/hour where "t" is the maximum range in hours per day that the area is expected to be occupied by any one individual. A full-time access area is one in which no physical or administrative control of entry exists and individuals are expected to work some of the time.
The actual radiation levels are approximately 80-100 microrem/hr in the crane maintenance area and approximately 200-280 microR/hr in the load-out area.
Outside of the DC building, the dose rate was designed to be less than 1.0 rnA/hour to avoid that area being declared a controlled area. The actual radiation levels on the outside of the DC building (readings microR/hr 1 ft from building) range from 35 microR/hr at the west end of the building to 190 microR/hr towards the east end of the building. Note that approximately 1/3 of all planned drums had been placed at the time of this survey. Note also that a considerable number of shield drums have been processed through the Cement Solidification System. These are intended to be placed in the western most rows and ninth layer.
.4 Instrumentation and Control Requirements
The equipment for the DC will be operated from control panels located in the Control Room.
Electrical Requirements
The DC will use an electrical system source of 480 volts.± 10 %, 3 phase, 60 hertz, and 115 volt .± 5 %, 1 phase.
3.1.6 Fire Protection, Industrial, and OSHA Requirements Fire protection, industrial, and OSHA requirements will be in compliance with ID-12044, Reference 10-8 (e).
Maintenance and Inspection Requirements
Equipment shall be selected and designed to minimize and ease maintenance activities.
Equipment arrangement shall also provide space for maintenance, inspection, removal, and replacement of components and the equipment itself.
Equipment shall be selected for a minimum of maintenance and inspection. It will be designed for a minimum lifetime of ten years.
Interface Requirements
The DC shall interface with and be compatible with the following: 
Startup Test Phase
A test procedure, Standard Instruction Procedure (SIP) 87-60, was developed which identified the DC components/equipment which required testing to verify compliance with the specified design and performance requirements. SIP 87-60 provided a description of the scope and acceptance criteria for components/equipment.
The testing was performed while the DC system was in a NON-RADIOACTIVE MODE. The objective was to transport eight (non-radioactive) drums to the DC and remotely place them in the storage area.
All testing was performed by trained operators using applicable Standard Operating Procedures (SOP's) and SIP's. Startup crews included Shift Supervisors and engineers to direct testing.
Operating deficiencies encountered and resolved were: proper alignment of the transporter tailgate conveyor to the stationary DC and CSS conveyors, tire failure in the transporter, and power blips which caused equipment shutdowns. Poor visual contact during drum placement was due to the initial camera installation. The transporter balance on the front end caused poor control of the vehicle during inclement weather.
Prior to startup, remote testing was performed on the crane. The testing performed was to ensure that a drum could be freed remotely from the drum grabber to allow crane movement to the crane maintenance area. R&S release, the transporter is driven to the drum cell for unloading.
Transporter Unloading
The shielded transporter carrying up to eight square drums, or six square waste drums and two overpacks, is backed into the DC unloading area (Figure 8 ) where the transporter guides align it with the conveyor system. The operator plugs high and low voltage connecters into wall receptacles and transporter receptacles to connect the conveyor control system in the drum cell control room. The transporter operator then enters the DC control room. A stationary hydraulic system lifts and aligns the transporter conveyor with the stationary conveyors, opens the drum cell shield door and lowers the transporter tailgate, to interface the transport conveyor and the drum load-out conveyor. The drums are then transferred from the truck to the stationary drum loadout conveyor. All drums are advanced, placing one drum each on the north and south staging conveyors. The drum from the south staging conveyor advances onto the shuttle conveyor which transfers it to the "south" position.
The control room operator activates a remote sensor which reads the bar code label affixed to the drum and transmits the number to the crane personal computer. Next, the drum is moved onto the upender which lays the drum horizontally. From here, the transfer conveyor moves the drum to the tilting unit. This unit tilts the drum 45° to a horizontal diamond position for crane pick up ( Figure 9 ). This sequence repeats with the drum from the "north" staging conveyor while the other drums remain on the stationary drum unloadout conveyor. FIGURE 8 Transporter in Unloading Area
Stacking of Drums
The stacking plan for the DC provides the operator with the pre~etermined location and sequence of each drum to be stored in the DC. It also indicates the pre-determined sequence and location of shield drums.
Drums are placed sequentially, east to west in the rows and south to north in the columns (Figure 10 ). The drums are placed within the layer to maintain a 45° horizontal angle (See Figure 11) and with the exposed face to the west.
• The X-coordinate is defined by the row (1 through 127) Is entered as is the coordinate for the bridge destination.
• TheY-coordinate is defined by the column (A through R, with I and Q omitted) and is entered as is the coordinate for the trolley destination.
• The Z-coordinate is defined by the layer (1 through 9) and is entered as is the coordinate for the hoist destination.
A regular drum denoted by an "R" on the stacking plan is a production drum containing waste forms. A shield drum denoted by an "S" on the stacking plan is a "low dose" or "clean" drum designated and approved for placement as shielding for the "R" drums placed In the cell.
The drums are stacked remotely by a crane. The drum ID number is remotely read by a bar code scanner from the crane control panel. Bridge, trolley, and hoist coordinates for each drum are read from the control panel. Once the drum number is entered into the personal computer, the drum identification number is verified by the CCTV system. Once the bridge, trolley, and hoist reach the assigned drum destination, all coordinates are again verified upon drum placement. Placement of the drums is monitored by a CCTV system.
Approved shielding drums are stored temporarily in the cell to the west of the drum stack. When the stacking plan denotes the next drum to be placed is a shield drum ("S" on the plan), the operator retrieves one of the temporarily stored shield drums and places it at the coordinates stated on the stacking plan. 
CONCLUSIONS
The DC has an inventory of 6, 788 process and shield drums. The DC transporter has successfully delivered 6,520 process drums from the CSS to the DC, and non-radioactive shield drums. These drums were remotely stacked within the shielded enclosure through successful operation of the DC conveyor system and the bridge crane. Each drum location is easily traceable through the bridge crane interface with the DC computer system where drum stacking data is entered and stored.
Three hundred and twenty-one (321) process drums have qualified as shield drums because of the betterthan-design performance by the IRTS processing sub-systems, thereby increasing the DC acceptance capacity for product drums. The estimated curie content for the 6,520 process dru_ms in storage is approximately 175.25 Ci of Cs 137. The dose rate per shipment and to the DC personnel in the control room is much less than the design calculations.
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